Abstract-This paper discusses various practical difficulties of implementing internationally and nationally recognized lightning protection standards on small shelters. In aiming to minimize human inj uries and deaths due to lightning related accidents for people who take shelter in unprotected structures during thunderstorms, this study proposes out-of-the-box solutions that may save many lives in societies that cannot afford packages of total solution. However, the proposed protection schemes can be applied even in developed countries or wealthy societies where strategic problems such as remoteness of the sites of concern and practical solutions beyond the peripherals of standardized recommendations are demanded. It should be noted that these are last resort solutions rather than replacement for recommendations in international standards.
Identified
problematic cases have been analyzed considering the risk of failure and possible causes of injuries.
In the event of lightning strike to a structure, injury may occur due to side flash, step potential, touch potential, or fire and falling materials. In this study, we make recommendation to prevent each of these hazards with minimum installation and material costs.
Side flash can be prevented by maintaining a certain minimum separation between the conductor that carries lightning current and the point at which the side flashing should be avoided. For this we use the formula of minimum separation recommended in IEC 62035-3 [5] where k, depends on the selected Level of Protection kc depends on the lightning current in the conductor km depends on the electrical insulation material I is the length, in meters, along the conductor, from the point where the separation distance is to be considered, to the nearest equipotential bonding point. Let us assume the highest level of protection (as we design the systems for the safety of human beings) to the structure and air in between the conductor and the point at which side flashing should be avoided.
As per IEC 62305-3 [5] ;
k; = 0.08 (Level of Protection: I) kc = lin (where n is the number of parallel conductors that share current) km = 1 (insulation material that separate the two systems is air)
With the aid of the above equation, one can easily calculate the values of minimum separation to be kept between the lightning current carrying conductor and the human being to be protected as a function of I and n. Injuries due to step potential can be minimized by encircling the area of occupation by a ring conductor. The installation of the ring conductor should be done according to the specifications given in [5] .
Triggering of fire is based on either the possibility of arcing or the amount of heat dissipated in the material through which lightning current flows. If we eliminate the possibility of side flashing, the heating of material due to the lightning current will be the only risk factor for triggering fire. The heat dissipation (�E) can be calculated by
Where R(t) is the resistance of the material in the current path from the point of interception to the ground level and i(t) is the lightning current waveform.
III. RES UL TS
A. Metal or thatched roofed structures on non-metallic vertical supports
Houses made of non-conducting materials such as brick, clay, wood and natural fibers with iron sheet roofing are common in many developing countries. Most often these huts are used as family homes where several people occupy the structure. In the coastal belt, such huts are widely used as the family shelters of fishermen. In Bangladesh, these structures are built with large area span for religious congregations.
Sometimes 50-200 people may gather, especially on Fridays, in these structures, for community prayers. In Sri Lanka and India, apart from family homes, such buildings are used for regular needs of workers (taking meals or refreshments, short term resting etc) at outdoor work places. The authors have also observed in many countries that wooden huts with metal roofs are used as outdoor cottages in the hotel industry. In addition, buildings with brick walls or wooden poles and metal roofs are used as schools, temples, public gathering centers, granaries, etc.
In the event of a lightning stepped leader propagating towards such a structure, the metal roof acts as a floating electrode which will initiate a bi-directional answering leader that connects the stepped leader tip and ground. In the return stroke phase, which follows the interception of answering leaders from the roof and the stepped leader, many hazards are possible due to the large energy dissipation and potential drop along the current path which takes either an aerial route or across or through poorly conducting materials such as bricks and masonry, wood or loosely bound natural fibers. Heat dissipation (Ll£) can be calculated by
which is given in the Methodology. Lightning current basically takes a double exponential waveform that possesses rise times in the range of a fraction of microsecond to a few microseconds with a total duration of 50-100 IlS for negative strokes, the most prevalent type [18, 19] . The less frequent positive strokes, which are about 5% in tropics and 15% in temperate regions [20] , can have rise times in the order of few tens of microseconds and total duration in the order of a few hundreds of microseconds [18, 19] . The lEe 62305 [5] considers two waveforms to represent lightning current; 8/20
IlS and 10/350 IlS. The first number of each waveform represents the rise time (approximately) and the second the half peak width (refer [21] and [22] for details).
The resistivity of wood may vary in a large range from few hundred Ohm meters to few mega Ohm meters, depending on the direction of fibers (along the beam or radial), moisture content, type of wood and other factors [23] . The resistivity of natural fibers has not yet been studied, but that of textile fibers is in the order of 10 5 to 10 6 Ohm meters [24] . The resistivity of clay also varies from a few tens of ohms to tens of thousands of ohms depending on the moisture content, packing density, ionic constituents, etc [25] [26] [27] . In any of these cases, the variation of resistance with time during a transient current impulse has not been studied.
By assuming time independent resistance values and 50%
and 5% probabilities of current waveforms of natural lightning [18, 19] , we calculated the total energy dissipation as the lightning current passes through the material of a single storied structure (refer Table-I) . As per Furthermore, there will be potential differences in the order of several Mega Volts developed between the ground level and the strike point due to both inductive (V = L dildt) and resistive (V= i R) effects. Such potential drops may easily promote arcing between different points of the structure making the situation even worse.
In plain words, the metal roofing on non-conducting supports greatly enhances the chances of the structure been struck by lightning. In the event of such strikes, multiple arcing from roof to ground is expected as there may be no low impedance paths for the current to flow safely to ground. The result will be the triggering of fire in combustible materials and/or human injuries due to side flashes and/or step potential. of the lightning protection system and the installation cost, the total budget for even grounding the roof at two locations with copper tapes will be completely beyond the affordability by a common man.
In line with the above discussion, we propose that lightning threats to this type of houses be minimized by grounding the metal roof with low cost conducting material.
However, it is of interest to check to what extent one has to deviate from the standard practices in giving a feasible solution to the lightning threats of such structures.
lEe 62305-3 [5] recommends that iron / steel sheets of greater than 0.5 mm thickness can be used as the interception element with the stepped leader, provided that the sheet puncturing does not cause serious safety threats. Unless it is necessary to give shelter to readily ignitable materials such as petroleum products or gun powder, the above condition is satisfactory for most small shelters. The electrical continuity of the roofing sheets is the second condition imposed in lEe 62305-3 [5] for the metal roof to be considered as the air termination. In cases where the afford ability of the family is comparatively high, such roofing sheets are interconnected with I-bolts or ordinary nuts and bolts with washers. In such cases the condition for electrical continuity is satisfied.
However, in the majority of cases, the usual practice is to keep a weight on the roof such as old tires or stones to prevent the sheets from being blown away by the wind. In such instances, The grounding of such roofs can be done either by steel bars (used for concrete reinforcement) or by galvanized iron (01) pipes commonly used as TV antenna poles.
Reinforcement steel bars of about 10-12 mm diameter are commonly used in many countries as reinforcement for concrete columns. The standard length of these bars is 12 m.
The cost of such a steel bar in South Asia, for example, is about USD 5-8. Used metal bars can be purchased at local markets for a quarter of the price of new bars. With three such steel bars, the roof can be grounded at two locations and a ring conductor can be laid around the house (refer lEe 62305-3 [5] for details of implementing the ring conductor). The joints between the steel bar and the roof and between the steel bar and the ring conductor (again a similar steel bar) should be done by means of tightening clamps, nuts and bolts, or welding.
The qualitative observations made on the sustain ability of reinforcement steel and iron bars in different environments in Sri Lanka and South India (both in the tropics) are given in Table- connect it to the deep driven rod. It is best to get a measurement of earth resistance for such an earthing system to ensure that the value is less than the standard recommended 10
Q. However, in reality, taking such a measurement is highly unlikely in a low-income society. Thus, it is recommended that the rod be driven as deeply as possible, with a minimum depth of 2-3 meters. It is a good practice to install the earth pipe close to a place that regularly gets wet such as close to the waste water outlet. If there is a metal TV antenna mast protruding above roof level, it should also be electrically tied to the roof or the down conductor.
In the absence or lack of affordability of steel bars or GI pipes, any other metallic wire/bar/tape such as barbed wire, discarded steel cables (used in vehicles and machines), or earth wires used in house wiring (at least with cross section 16 mm 2 ) and similar materials, can also be used for down conductors, as something is better than nothing.
A thatched roofed house can also be protected in a similar manner. As shown in Figure-I , two steel rods or GI pipes should be installed in such a way that they are at least 20 cm away from the corners of the ridge of the roof and extend about 20 cm above roof level. In this case GI pipes will be steadier than reinforcement steel rods in the vertical position.
The two rods/pipes should be connected at the top by a barbed wire or any other metallic strip/wire etc. In such case it is advisable to keep the entire lightning protection system at least 20 cm away from the non-metallic structure of the house (roof and the vertical structures). The vertical parts can be supported by brackets that can be made locally by wooden bars. The horizontal conductor above the roof may also be supported by placing metallic supports between the roof and the rod/pipe.
It should be noted that with time there is a tendency of the horizontal wire/rod sags and the separation between that and the roof reduces beyond the critical value. Hence the system may need rectification after few years. Such construction is in total compliance with IEC 62305 [5] for the container to act as a point of lightning attachment and consequent current passage to ground, although the designers may not have had such intentions at all in the construction stage. Even in the absence of a grounding system, rapid equipotentialization is provided by the all-metal floor board, preventing any risk of step potential for the occupants.
However, in the absence of a grounding system, any one that stays outside the container within close range will be at risk of being affected by step potential in the event of a lightning strike to the structure. Grounding can be done very similar to the procedures described in section A. The occupants inside will not be electrocuted even if the structure is not grounded.
However, in the absence of proper grounding, a person that accidently stay outside, may subject to step potential hazard in the event of a lightning strike to the structure. Courtesy Mr. Richard Kithi/, National Lightning Safety Institute Following are the possible places where such shelters are required.
• Construction and other outdoor employment sites 
C. Safety of boats
The standard advice for occupants or passengers of unsafe watercrafts in inland reservoirs or near beach locations is to reach the land as soon as possible and seek shelter inside a sturdy building in the event of an approaching thunderstorm.
However, boats can be caught in remote river locations or in the middle of lakes in thunderstorms so that reaching a pier or even getting underneath a sturdy bridge could take hours. Those who cannot be inside a boat should have a safety rope tying them to the boat and all should wear life preservers during a storm. Anyone thrown overboard will probably be unconscious and is likely to drown without a life preserver.
The lightning protection scheme proposed is depicted in Figure- 
IV. DISCUSSION
The proposed protection schemes for houses of low-income societies should be considered as a last-resort solution for lightning protection as they deviate somewhat from the accepted standard practices. However, they will provide a much better safety environment than when the houses are not protected at all. In such living conditions, the methodologies for equipment safety described in lEe 62305 [5] or [21] will not be applicable due to several reasons:
a. Non-existence of sophisticated electrical devices that Most of the houses and structures described in this study are not built on concrete foundations. Hence the low-cost and highly efficient foundation systems discussed in [28] are also not of use in these cases.
In some African countries, the erection of a tall grounded tower (or pole) to give protection to multiple houses is practiced (personal communications with Mr. Orabile Nnabu, Botswana Technology Centre). A photograph of such system is given in Figure-4 . The system has the following drawbacks compared with the house protection system described in this study. b.
In the event of a lightning strike to the pole, a large potential gradient will be built up radially away from the tower (Figure 4a ). This will be especially lethal in dry, high resistive soil so that occupants of the houses would be subjected to step potential that may seriously injure or kill them.
c. The cost of material and installation of such a tower or pole may be many times greater than the total cost of installing the system proposed in this study for all of the houses that were supposed to be protected by the tower. where lightning is more dense, awareness is less and water related life styles are more prevalent than in Japan.
An incident in Japan reported by Kitagawa et al. [29] states that eight people were struck by the multiple strokes of a single lightning while they were in sea about 50 m from the beach. Six people were killed by the strike while two others were critically injured. The paper does not provide details on the location. However, injury from a direct strike would be highly unlikely if the victims were inside a boat with the proposed lightning protection scheme described above. While these recommendations can provide extremely helpful and practical guidance for many governmental and independent organizations, employers that provide outdoor jobs, and community workers who plan social welfare schemes, to implement lightning safety environment, we emphasize that these guidelines should be considered as last resort solutions to lightning related problems rather than replacement of recommendations in international standards.
